Abstract: This research focused on improving the control and sensing of electrostatically actuated, large deflection bimorph beams for optical beam steering. Current iterations of designs utilize a 'zipper' beam and have demonstrated large deflection angles. However, with these devices precise control and deflection measurements can be difficult to achieve. Through using segmented bias channels of doped polysilicon, modeling shows it is possible to control and measure different segments of the actuation arm, thus controlling the amount of tip, tilt, or piston deflection. This paper discusses current and future designs, along with test procedures and modeling results.
Introduction
Micromirror arrays can be used for optical beam steering. Current iterations of micromirror array designs to improve fill-factor and increase deflection angle utilize four bimorph electrostatic actuating 'zipper' beams placed around a central platform. Residual stresses from the PolyMUMPs foundry process and the difference in the coefficients of thermal expansion (CTE) causes the bimorph beams to initially deflect up, out-of-plane. The device is actuated by creating a potential difference resulting in an electrostatic force between the zipper beams and the underlying electrode causing the beams to deflect down. As shown in Figure 1 , the zipper approach allows a large vertical displacement of up to 175 μm to be achieved within a relatively small area [1] . The current design lacks the ability to control and measure the amount of beam deflection. Our solution is to modify the current design to allow for independent actuation and sensing of the individual beams which make up the zipper actuators by changing the actuating electrode from being a single solid piece to a multisegmented type electrode. 
Design and Test Methods
The design for the actuating 'zipper arms' consists of four modified beams fabricated from a 1.5 micron thick doped polycrystalline silicon layer and connected to the central platform. The beams are connected on one side to the silicon nitrate coated substrate and on the other side to the 500 × 500 micron platform. As shown in Figure 2 , the design uses a platform to attach a post with an additional reflective surface to the top in order to provide the necessary specular surface for optical beam steering. Underneath the 'zipper' beams, will be individual channel for the electrode made of 0.5 micron thick polysilicon. The segmented channels are electrically isolated from the covering layer by an air gap providing a dielectric separation. (Figure 3 ) The individual electrodes are designed as wide as physically allowable in order to maximize the actuation pad area and reduce the required actuation voltage. The segmented channels are connected through doped polysilicon wire traces to pads for testing. The intended function of the design is that when a voltage is provided between a segmented actuation electrode and the zipper beam, it will result in the beam actuating. By varying the number of electrode channels with a potential applied, enhanced control of the deflection angle will be attained. Additionally, by measuring the capacitance between the unactuated segment of the zipper beam and the individual electrodes, modeling shows that we will be able to measure deflection angle and distance. After fabrication, testing of the design consists of applying varying potentials to the segmented channels while keeping the zipper beam at ground voltage using a microelectronic probe test station. Measurement of the device displacement is accomplished using a Zygo ® white light interferometer. Multiple variations on this design were modeled and will tested once received from fabrication foundry. The design varied parameters for the fabricated designs are number of zipper segments and the zipper design geometry. A two-sided zipper beam and a single sided were modeled and will be tested. Additionally, the device will be evaluated for its ability to be used as a sensor to detect the deflection of the zipper beam. Testing for capacitance will also be completed using the probe test station. After modeling, testing will be completed for capacitance is as follows: during actuation, one will be used as the sensor electrode. Instead of applying a potential to this channel for actuation, a capacitance value will be measured. As the beam is actuated using the other segmented electrodes, modeling shows that the capacitance between the beam and the electrode will change. This capacitance can be used for measurement of the displacement of the beam similar to designs that are currently used in other MEMS applications [2, 3] .
Results and Discussion
In order to determine if our approach was valid before fabrication and prototype testing, modeling was performed. Figure 4 shows finite element analysis (FEA) of a two beam zipper arm and platform along with calculated displacement from the bimorph beams when a single segment electrode is actuated. Complete actuation or "pull-in" of a single segment of a 500 micron beam occurred at 20 V. Table 1 provides modeled capacitance values from actuating individual electrode segments causing a corresponding deflection of the platform and change in capacitance value at the measured electrodes. 
Conclusions
Modeling has showed proof of concept for our novel design of using segmented electrode channels for improved control and measurement of electrostatically actuated beams. The next step will be to validate these modeled results with device testing. Devices will be tested upon receipt and before conference presentation.
